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OUTLINE

• ILC BDIR Critical Design Choices.
• IP Backgrounds.
• Crossing Angle and Machine-Detector Interface.
• Machine Backgrounds.
• BDS Tracking and Interaction Simulations.
• Energy Deposition Issues in BDIR.
• Collimation System Design and Performance.
• Radiation in BDIR and Backgrounds at Detectors.
• Work Tasks.
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ILC BDIR CRITICAL DESIGN CHOICES
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OPTIONS
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IP BACKGROUNDS

Source: Beam-beam interactions (e+e- pairs, disrupted primary 
beam and beamstrahlung photons), hadrons from γγ interactions 
and radiative Bhabhas.

From the standpoint of integrated background, e+e- linear colliders
are relatively ‘clean’ machines. Average integrated hadronic fluxes 
produced at the IP are about six orders of magnitude lower 
compared to LHC.
However, the instantaneous rates are not so drastically different. 
Say, for the γγ option, a peak radiation field is about 10% of that 
at LHC. The e+e- option is 10 times better.

In general, this source is well understood and under control.
These backgrounds depend on crossing angle, detector and 
masking scheme designs, solenoid field, and beampipe.
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CROSSING ANGLE
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IR LAYOUT, L*, QD0
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PAIR DISTRIBUTION AT Z=330CM, B=4T

Energy flow in 0.5mm square mesh / bunch

0mrad electron 7mrad electron 20mrad electron
GeV

100TeV

100GeV

1GeV

TRC500 Aso

0mrad positron 7mrad positron 20mrad Positron
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VXD HITS FROM e+e- PAIRS

Depends on:
VTX radius
Solenoid field
Crossing angle

Büßer

Aso

Crossing
Angle

VTX
Radius

Solenoid
Field

Hit density 
(/mm2/trai
n)

Head-
on

15mm 4Tesla 0.99

7mrad 15mm 4Tesla 1.00

7mrad 24mm 3Tesla 0.38
20mrad 15mm 4Tesla 1.03

20mrad 15mm 3Tesla 1.71
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FINAL QUAD QD0
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MAIN OPEN ISSUES FOR X-ING ANGLE LAYOUTS
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IR DEPENDENCIES: X-ING ANGLE CASE
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MACHINE-DETECTOR INTERFACE
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MACHINE BACKGROUNDS

Synchrotron radiation, spray from the dumps and 
extraction lines, beam-gas and beam halo interactions 
with collimators and other components in BDIR create 
fluxes of muons and other secondaries which can exceed 
the tolerable levels at a detector by a few orders of 
magnitude.
With a multi-stage collimation set and a system of 
magnetized iron spoilers (which fill the tunnel), one can 
hopefully meet the design goal of allowing a continuous 
0.1% beam loss, resulting in a tolerable muon flux at the 
detector.
Much more studies are needed including detector 
tolerance levels, muon suppression, contribution of 
photons, hadrons and low-energy neutrons in all the 
beam loss mechanisms.



ILC R&D – FNAL, January 5, 2005 Machine-Detector Interface - N.V. Mokhov 15

MODELING IN BDS

Collimation system design
Beam loss calculation
Sync radiation generation
Muon & hadron production
Beam-gas interactions

DECAY TURTLE
STRUCT
MARS15
GEANT3
GEANT4
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ENERGY DEPOSITION ISSUES IN BDIR

1. Machine-related backgrounds and damage in collider detectors.
2. Collimation system and mask design and optimization under 
realistic engineering constraints.
3. Short- and long-term survivability of the critical components 
(spoilers, absorbers, magnets, septa, dumps etc).
4. Dynamic heat loads and lifetime of collimators, magnets and 
other components: total and peak radiation dose and limits for 
various materials.
5. Residual dose rates: hands-on maintenance.
6. Environmental aspects (prompt dose, ground-water and air 
activation).
7. Models of operational and accidental beam loss (abort kicker 
prefire, sparks in ES septa, accident dynamics etc).
8. Beam instrumentation.
9. Development of adequate reliable computational tools.
10. Benchmarking and uncertainty analysis.
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NLC COLLIMATION SYSTEM

E=250 GeV

N=1.4E12

0.1% Halo
distributed as 
1/X and 1/Y 
for 6<Ax<16σx
and 
24<Ay<73σy
with 
∆p/p=0.01
gaussian
distributed 

Last Lost e- 500m from IP
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SR EFFECTS IN DETECTORS
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SR AT IP DUE TO HALO

X (cm)

Y
Log10(E) (GeV)

X (cm)

Quad

Bend

Νγ=7.3 Ne-
<Eγ>=4.8 MeVQuad

Bend

1cm Beampipe



ILC R&D – FNAL, January 5, 2005 Machine-Detector Interface - N.V. Mokhov 20

SR AT IP MASKS DUE TO BEAM CORE

STRUCT by A. DrozhdinTESLA NLC CLIC

# bunches/(eff. train) 150 192 154 Synchrotron radiation from 
beam core hitting IP mask. 
The losses tabulated refer to 
mask DUMP1 for TESLA and 
DUMP2 for NLC and CLIC. 
The number of bunches per 
“effective” train reflects the 
sensitivity window of the TPC. 
It is equal to 150 bunches (50 
µsec) for TESLA, and to the 
nominal number of bunches 
per train for NLC and CLIC.

Losses on SR mask upstream of FD 
Mean photon energy(MeV) 0.450 0.032 0.034

# photons/bunch
/eff.train

1.38E10
2.07E12

0.93E9
1.79E11

5.93E8
9.13E10

Tot. photon E (GeV)/bunch
/eff.train

6.21E6
9.32E8

2.96E4
5.68E6

2.03E4
3.13E6

Losses on SR mask dwn of outgoing-side FD

Mean photon energy(MeV) 0.467 - -

# photons/bunch
/eff.train

4.75E8
7.14E10

-
-

-
-

Total photon energy (GeV)
/bunch
/eff.train

2.22E5
3.33E7

-
-

-
-
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UK/RHUL COLLIMATION STUDIES

Energy Loss(TESLA) Collimation efficiency

Other processes:
Muons, SR, neutrons …

UK/RHUL:
G. Blair
A. Agapov
J. Carter
M. Price
+ new collabs

BDSIM: A Geant4-based accelerator tracking code. Uses efficient transfer-
matrix style tracking within the beampipe; otherwise ‘normal’ G4 tracking 
inside materials.
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MARS15 MODELING OF BDIR
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DYNAMIC HEAT LOAD IN BDIR

MARS15

Main features are similar to STRUCT, but details/values are quite different: STRUCT 
50-GeV cutoff, MARS15 full shower simulation down to 100 keV.
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RADIATION LOADS AFTER SP3/AB3

MARS15

Limited lifetime
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MUONS AT DETECTOR 

MUCARLOMARS15
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COLLIMATORS AND SPOILERS

Three magnetic spoilers in tunnel by L. Keller
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MACHINE BACKGROUNDS: CMS EXAMPLE

MARS15

Isodose contours (Gy) for unsynchronized abort:
1012 protons lost in IP5 over 0.26 µs.
A peak dose rate at the inner pixels 6.2 MGy/s, 
4x108 the nominal.

Charged hadron flux (cm-2 s-1) due to 
operational beam loss in LHC IP5.
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MAGNETS IN BDIR MARS15 MODEL
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NEW ILC BDIR FOR NON-ZERO X-ING 

ILC Workshop – KEK, 13-15 Nov 04 Collimation and Backgrounds - N.V. Mokhov 22

SP2

SP3

FD phase

IP phase

ILCFF6.mad

SPE

ABE

AB9

AB7AB10

A. Seryi

Betatron spoilers survive two or one bunches of 2x1010 at 250 and 500 GeV, respectively.
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MACHINE PROTECTION & COLLIMATION
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EXTRACTION OF SPENT BEAMS
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SMALL HORIZONTAL ANGLE (~2 mrad)
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ILC KEK WG4: PHYSICS NEEDS
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ILC KEK WG4: STRAWMAN LAYOUT
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COLLIMATOR&BACKGROUNDS WORK TASKS (1)

1. Critical choices: detector tolerances, beam loss 
models, muon spoilers, E or betatron collimators first, 
apertures+pair&halo masking, consumable vs passive 
(survivable) collimators.

2. Iterations with optic designers on collimator locations 
and parameters.

3. Optimization of individual spoiler and absorber 
configurations, dimensions and material w.r.t. to their 
performance, survivability and impedance.

4. Modeling of beam loss in BDS, IR & extraction line 
followed by realistic energy deposition simulations in 
BDIR, detector and extraction components (including 
tunnels and experimental halls) to minimize 
backgrounds, radiation loads and environmental impact.
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COLLIMATOR&BACKGROUNDS WORK TASKS (2)

5. Iterations with detector group on background 
tolerances and creation of an integrated IR-detector 
model (including mask and SC quad optimizations).

6. Based on results of simulations, iterations with 
conventional construction group on tunnel magnetic 
spoilers, tunnel and experimental hall parameters.

7. Validation, inter-comparison and improvements of 
simulation codes used in the BDIR studies: tracking, 
production models, energy deposition, 
thermal/stress/DPA analyses, wakefield.

8. Bent crystal as a primary collimator (spoiler)? 
Materials and particle production beam tests? BDIR 
materials handbook?
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